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(57) ABSTRACT 

A thermoelectric device With improved ef?ciency is pro 
vided. In one embodiment, the thermoelectric device 
includes a ?rst thermoelement and a second thermoelement 
electrically coupled to the ?rst thermoelement. An array of 
?rst tips are in close physical proximity to, but not neces 
sarily in physical contact With, the ?rst thermoelement at a 
?rst set of discrete points. An array of second tips are in 
close physical proximity to, but not necessarily in physical 
contact With, the second thermoelement at a second set of 
discrete points. The ?rst and second conical are constructed 
entirely from metal, thus reducing parasitic resistances. 
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ENHANCED INTERFACE THERMOELECTRIC 
COOLERS WITH ALL-METAL TIPS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to co-pending 
US. patent application Ser. No. (IBM Docket No. 
AUS9-2000-0415-US1) entitled “THERMOELECTRIC 
COOLERS WITH ENHANCED STRUCTURED INTER 
FACES” ?led , to co-pending US. patent application 
Ser. No. (IBM Docket No. AUS9-2000-0564-US1) 
entitled “COLD POINT DESIGN FOR EFFICIENT THER 
MOELECTRIC COOLERS” ?led on , and to co 

pending US. patent application Ser. No. (IBM 
Docket No. AUS9-2000-0556-US1) entitled “ENHANCED 
INTERFACE THERMOELECTRIC COOLERS USING 
ETCHED THERMOELECTRIC MATERIAL TIPS” ?led 
on . The content of the above mentioned commonly 
assigned, co-pending US. Patent applications are hereby 
incorporated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates to devices for cooling 
substances such as, for example, integrated circuit chips, and 
more particularly, the present invention relates to thermo 
electric coolers. 

[0004] 2. Description of Related Art 

[0005] As the speed of computers continues to increase, 
the amount of heat generated by the circuits Within the 
computers continues to increase. For many circuits and 
applications, increased heat degrades the performance of the 
computer. These circuits need to be cooled in order to 
perform most ef?ciently. In many loW end computers, such 
as personal computers, the computer may be cooled merely 
by using a fan and ?ns for convective cooling. HoWever, for 
larger computers, such as main frames, that perform at faster 
speeds and generate much more heat, these solutions are not 
viable. 

[0006] Currently, many main frames utiliZe vapor com 
pression coolers to cool the computer. These vapor com 
pression coolers perform essentially the same as the central 
air conditioning units used in many homes. HoWever, vapor 
compression coolers are quite mechanically complicated 
requiring insulation and hoses that must run to various parts 
of the main frame in order to cool the particular areas that 
are most susceptible to decreased performance due to over 
heating. 

[0007] A much simpler and cheaper type of cooler are 
thermoelectric coolers. Thermoelectric coolers utiliZe a 
physical principle knoWn as the Peltier Effect, by Which DC 
current from a poWer source is applied across tWo dissimilar 
materials causing heat to be absorbed at the junction of the 
tWo dissimilar materials. Thus, the heat is removed from a 
hot substance and may be transported to a heat sink to be 
dissipated, thereby cooling the hot substance. Thermoelec 
tric coolers may be fabricated Within an integrated circuit 
chip and may cool speci?c hot spots directly Without the 
need for complicated mechanical systems as is required by 
vapor compression coolers. 
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[0008] HoWever, current thermoelectric coolers are not as 
ef?cient as vapor compression coolers requiring more poWer 
to be expended to achieve the same amount of cooling. 
Furthermore, current thermoelectric coolers are not capable 
of cooling substances as greatly as vapor compression 
coolers. Therefore, a thermoelectric cooler With improved 
ef?ciency and cooling capacity Would be desirable so that 
complicated vapor compression coolers could be eliminated 
from small refrigeration applications, such as, for example, 
main frame computers, thermal management of hot chips, 
RF communication circuits, magnetic read/Write heads, opti 
cal and laser devices, and automobile refrigeration systems. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a thermoelectric 
device With improved ef?ciency. In one embodiment, the 
thermoelectric device includes a ?rst thermoelement and a 
second thermoelement electrically coupled to the ?rst ther 
moelement. An array of ?rst tips are in close physical 
proximity to, but not necessarily in physical contact With, 
the ?rst thermoelement at a ?rst set of discrete points. An 
array of second tips are in close physical proximity to, but 
not necessarily in physical contact With, the second thermo 
element at a second set of discrete points. The ?rst and 
second conical are constructed entirely from metal, thus 
reducing parasitic resistances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
objectives and advantages thereof, Will best be understood 
by reference to the folloWing detailed description of an 
illustrative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0011] FIG. 1 depicts a high-level block diagram of a 
Thermoelectric Cooling (TEC) device in accordance With 
the prior art; 

[0012] FIG. 2 depicts a cross sectional vieW of a thermo 
electric cooler With enhanced structured interfaces in accor 
dance With the present invention; 

[0013] FIG. 3 depicts a planer vieW of thermoelectric 
cooler 200 in FIG. 2 in accordance With the present inven 
tion; 
[0014] FIGS. 4A and 4B depicts cross sectional vieWs of 
tips that may be implemented as one of tips 250 in FIG. 2 
in accordance With the present invention; 

[0015] FIG. 5 depicts a cross sectional vieW illustrating 
the temperature ?eld of a tip near to a superlattice in 
accordance With the present invention; 

[0016] FIG. 6 depicts a cross sectional vieW of a thermo 
electric cooler With enhanced structured interfaces With all 
metal tips in accordance With the present invention; 

[0017] FIG. 7 depicts a cross-sectional vieW of a sacri? 
cial silicon template for forming all metal tips in accordance 
With the present invention; 

[0018] FIG. 8 depicts a ?oWchart illustrating an exem 
plary method of producing all metal cones using a silicon 
sacri?cial template in accordance With the present invention; 
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[0019] FIG. 9 depicts a cross sectional vieW of all metal 
cones formed using patterned photoresist in accordance With 
the present invention; 

[0020] FIG. 10 depicts a ?owchart illustrating an eXem 
plary method of forming all metal cones using photoresist in 
accordance With the present invention; 

[0021] FIG. 11 depicts a cross-sectional vieW of a ther 
moelectric cooler With enhanced structural interfaces in 
Which the thermoelectric material rather than the metal 
conducting layer is formed into tips at the interface in 
accordance With the present invention; 

[0022] FIG. 12 depicts a ?oWchart illustrating an eXem 
plary method of fabricating a thermoelectric cooler in accor 
dance With the present invention; 

[0023] FIG. 13 depicts a cross-sectional diagram illustrat 
ing the positioning of photoresist necessary to produce tips 
in a thermoelectric material; 

[0024] FIG. 14 depicts a diagram shoWing a cold point tip 
above a surface for use in a thermoelectric cooler illustrating 
the positioning of the tip relative to the surface in accordance 
With the present invention; and 

[0025] FIG. 15 depicts a schematic diagram of a thermo 
electric poWer generator. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] With reference noW to the ?gures and, in particular, 
With reference to FIG. 1, a high-level block diagram of a 
Thermoelectric Cooling (TEC) device is depicted in accor 
dance With the prior art. Thermoelectric cooling, a Well 
knoWn principle, is based on the Peltier Effect, by Which DC 
current from poWer source 102 is applied across tWo dis 
similar materials causing heat to be absorbed at the junction 
of the tWo dissimilar materials. A typical thermoelectric 
cooling device utiliZes p-type semiconductor 104 and n-type 
semiconductor 106 sandWiched betWeen poor electrical con 
ductors 108 that have good heat conducting properties. 
N-type semiconductor 106 has an eXcess of electrons, While 
p-type semiconductor 104 has a de?cit of electrons. 

[0027] As electrons move from electrical conductor 110 to 
n-type semiconductor 106, the energy state of the electrons 
is raised due to heat energy absorbed from heat source 112. 
This process has the effect of transferring heat energy from 
heat source 112 via electron ?oW through n-type semicon 
ductor 106 and electrical conductor 114 to heat sink 116. The 
electrons drop to a loWer energy state and release the heat 
energy in electrical conductor 114. 

[0028] The coefficient of performance, 11, of a cooling 
refrigerator, such as thermoelectric cooler 100, is the ratio of 
the cooling capacity of the refrigerator divided by the total 
poWer consumption of the refrigerator. Thus the coef?cient 
of performance is given by the equation: 

12 
aITc - 5112-KAT 
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[0029] Where the term otITc is due to the thermoelectric 
cooling, the term 1/zI2R is due to Joule heating back?oW, the 
term KAT is due to thermal conduction, the term I2R is due 
to Joule loss, the term otIAT is due to Work done against the 
Peltier voltage, 0t is the Seebeck coef?cient for the material, 
To is the temperature of the heat source, and AT is the 
difference in the temperature of the heat source form the 
temperature of the heat sink. 

[0030] The maximum coef?cient of performance is 
derived by optimiZing the current, I, and is given by the 
folloWing relation: 

Tc —T /Tc 
11m“ = 7:1 ] Where 

and 7: “T 2 

[0031] Where e is the ef?ciency factor of the refrigerator. 
The ?gure of merit, ZT, is given by the equation: 

(120T 
ZT: 

A 

[0032] Where 2» is composed of tWo components: Xe, the 
component due to electrons, and KL, the component due to 
the lattice. Therefore, the maXimum ef?ciency, e, is achieved 
as the ?gure of merit, ZT, approaches in?nity. The ef?ciency 
of vapor compressor refrigerators is approximately 0.3. The 
ef?ciency of conventional thermoelectric coolers, such as 
thermoelectric cooler 100 in FIG. 1, is typically less than 
0.1. Therefore, to increase the ef?ciency of thermoelectric 
coolers to such a range as to compete With vapor compres 
sion refrigerators, the ?gure of merit, ZT, must be increased 
to greater than 2. If a value for the ?gure of merit, ZT, of 
greater than 2 can be achieved, then the thermoelectric 
coolers may be staged to achieve the same efficiency and 
cooling capacity as vapor compression refrigerators. 
[0033] With reference to FIG. 2, a cross sectional vieW of 
a thermoelectric cooler With enhanced structured interfaces 
is depicted in accordance With the present invention. Ther 
moelectric cooler 200 includes a heat source 226 from 
Which, With current I ?oWing as indicated, heat is eXtracted 
and delivered to heat sink 202. Heat source 226 may be 
thermally coupled to a substance that is desired to be cooled. 
Heat sink 202 may be thermally coupled to devices such as, 
for eXample, a heat pipe, ?ns, and/or a condensation unit to 
dissipate the heat removed from heat source 226 and/or 
further cool heat source 226. 

[0034] Heat source 226 is comprised of p— type doped 
silicon. Heat source 226 is thermally coupled to n+ type 
doped silicon regions 224 and 222 of tips 250. N+ type 
regions 224 and 222 are electrical conducting as Well as 
being good thermal conductors. Each of N+ type regions 224 
and 222 forms a reverse diode With heat source 226 such that 
no current ?oWs betWeen heat source 226 and n+ regions 
224 and 222, thus providing the electrical isolation of heat 
source 226 from electrical conductors 218 and 220. 
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[0035] Heat sink 202 is comprised of p— type doped 
silicon. Heat sink 202 is thermally coupled to n+ type doped 
silicon regions 204 and 206. N+ type regions 204 and 206 
are electrically conducting and good thermal conductors. 
Each of N+ type regions 204 and 206 and heat sink 202 
forms a reverse diode so that no current ?oWs betWeen the 

N+ type regions 204 and 206 and heat sink 202, thus 
providing the electrical isolation of heat sink 202 from 
electrical conductor 208. More information about electrical 
isolation of thermoelectric coolers may be found in com 
monly US. patent application Ser. No. 09/458,270 entitled 
{Electrically Isolated Ultra-Thin Substrates for Thermoelec 
tric Coolers” (IBM Docket No. AUS9-99-0413-US1) 
assigned to the International Business Machines Corpora 
tion ofArmonk, NY. and ?led on Dec. 9, 1999, the contents 
of Which are hereby incorporated herein for all purposes. 

[0036] The need for forming reverse diodes With n+ and 
p— regions to electrically isolate conductor 208 from heat 
sink 202 and conductors 218 and 220 from heat source 226 
is not needed if the heat sink 202 and heat source 226 are 
constructed entirely from undoped non-electrically conduct 
ing silicon. HoWever, it is very dif?cult to ensure that the 
silicon is entirely undoped. Therefore, the presence of the 
reverse diodes provided by the n+ and p— regions ensures 
that heat sink 202 and heat source 226 are electrically 
isolated from conductors 208, 218, and 220. Also, it should 
be noted that the same electrical isolation using reverse 
diodes may be created other Ways, for example, by using p+ 
type doped silicon and n- type doped silicon rather than the 
p- and n+ types depicted. The terms n+ and p+, as used 
herein, refer to highly n doped and highly p doped semi 
conducting material respectively. The terms n- and p-, as 
used herein, mean lightly n doped and lightly p doped 
semiconducting material respectively. 

[0037] Thermoelectric cooler 200 is similar in construc 
tion to thermoelectric cooler 100 in FIG. 1. HoWever, 
N-type 106 and P-type 104 semiconductor structural inter 
faces have been replaced With superlattice thermoelement 
structures 210 and 212 that are electrically coupled by 
electrical conductor 208. Electrical conductor 208 may be 
formed from platinum (Pt) or, alternatively, from other 
conducting materials, such as, for example, tungsten (W), 
nickel (Ni), or titanium copper nickel (Ti/Cu/N i) metal ?lms. 

[0038] A superlattice is a structure consisting of alternat 
ing layers of tWo different semiconductor materials, each 
several nanometers thick. Thermoelement 210 is constructed 
from alternating layers of N-type semiconducting materials 
and the superlattice of thermoelement 212 is constructed 
from alternating layers of P-type semiconducting materials. 
Each of the layers of alternating materials in each of 
thermoelements 210 and 212 is 10 nanometers (nm) thick. A 
superlattice of tWo semiconducting materials has loWer 
thermal conductivity, )t, and the same electrical conductivity, 
0, as an alloy comprising the same tWo semiconducting 
materials. 

[0039] In one embodiment, superlattice thermoelement 
212 comprises alternating layers of p-type bismuth chalco 
genide materials such as, for example, alternating layers of 
Bi2Te3/Sb2Te3 With layers of BiO_5Sb1_5Te3, and the super 
lattice of thermoelement 210 comprises alternating layers of 
n-type bismuth chalcogenide materials, such as, for 
example, alternating layers of Bi2Te3 With layers of Bi2Se3. 
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Other types of semiconducting materials may be used for 
superlattices for thermoelements 210 and 212 as Well. For 
example, rather than bismuth chalcogenide materials, the 
superlattices of thermoelements 210 and 212 may be con 
structed from cobalt antimony skutteridite materials. 

[0040] Thermoelectric cooler 200 also includes tips 250 
through Which electrical current I passes into thermoelement 
212 and then from thermoelement 210 into conductor 218. 
Tips 250 includes n+ type semiconductor 222 and 224 
formed into pointed conical structures With a thin overcoat 
layer 218 and 220 of conducting material, such as, for 
example, platinum (Pt). Other conducting materials that may 
be used in place of platinum include, for example, tungsten 
(W), nickel (Ni), and titanium copper nickel (Ti/Cu/Ni) 
metal ?lms. The areas betWeen and around the tips 250 and 
thermoelectric materials 210 and 212 should be evacuated or 
hermetically sealed With a gas such as, for example, dry 
nitrogen. 

[0041] On the ends of tips 250 covering the conducting 
layers 218 and 220 is a thin layer of semiconducting material 
214 and 216. Layer 214 is formed from a P-type material 
having the same Seebeck coef?cient, 0t, as the nearest layer 
of the superlattice of thermoelement 212 to tips 250. Layer 
216 is formed from an N-type material having the same 
Seebeck coefficient, 0t, as the nearest layer of thermoelement 
210 to tips 250. The P-type thermoelectric overcoat layer 
214 is necessary for thermoelectric cooler 200 to function 
since cooling occurs in the region near the metal Where the 
electrons and holes are generated. The n-type thermoelectric 
overcoat layer 216 is bene?cial, because maximum cooling 
occurs Where the gradient (change) of the Seebeck coef? 
cient is maximum. The thermoelectric overcoat 214 for the 
P-type region is approximately 60 nm thick. A speci?c 
thickness of the n-type thermoelectric overcoat 216 has yet 
to be fully re?ned, but it is anticipated that it should be in a 
similar thickness range to the thickness of the thermoelectric 
overcoat 214. 

[0042] By making the electrical conductors, such as, con 
ductors 110 in FIG. 1, into pointed tips 250 rather than a 
planer interface, an increase in cooling ef?ciency is 
achieved. Lattice thermal conductivity, )t, at the point of tips 
250 is very small because of lattice mismatch. For example, 
the thermal conductivity, )t, of bismuth chalcogenides is 
normally approximately 1 Watt/meter*Kelvin. HoWever, in 
pointed tip structures, such as tips 250, the thermal conduc 
tivity is reduced, due to lattice mismatch at the point, to 
approximately 0.2 Watts/meter*Kelvin. HoWever, the elec 
trical conductivity of the thermoelectric materials remains 
relatively unchanged. Therefore, the ?gure of merit, ZT, may 
increased to greater than 2.5 for this kind of material. 
Another type of material that is possible for the superlattices 
of thermoelements 210 and 212 is cobalt antimony skutte 
ridites. These type of materials typically have a very high 
thermal conductivity, )t, making them normally undesirable. 
HoWever, by using the pointed tips 250, the thermal con 
ductivity can be reduced to a minimum and produce a ?gure 
of merit, ZT, for these materials of greater than 4, thus 
making these materials very attractive for use in thermoele 
ments 210 and 212. Therefore, the use of pointed tips 250 
further increases the efficiency of the thermoelectric cooler 
200 such that it is comparable to vapor compression refrig 
erators. 
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[0043] Another advantage of the cold point structure is 
that the electrons are con?ned to dimensions smaller than 
the Wavelength (corresponding to their kinetic energy). This 
type of con?nement increases the local density of states 
available for transport and effectively increases the Seebeck 
coef?cient. Thus, by increasing a and decreasing )t, the 
?gure of merit ZT is increased. 

[0044] Normal cooling capacity of conventional thermo 
electric coolers, such as illustrated in FIG. 1, are capable of 
producing a temperature differential, AT, betWeen the heat 
source and the heat sink of around 60 Kelvin. HoWever, 
thermoelectric cooler 200 is capable of producing a tem 
perature differential on the order of 150 Kelvin. Thus, With 
tWo thermoelectric coolers coupled to each other, cooling to 
temperatures in the range of liquid Nitrogen (less than 100 
Kelvin) is possible. HoWever, different materials may need 
to be used for thermoelements 210 and 212. For example, 
bismuth telluride has a very loW 0t at loW temperature (i.e. 
less than —100 degrees Celsius). HoWever, bismuth anti 
mony alloys perform Well at loW temperature. 

[0045] Another advantage of the cobalt antimony skutte 
ridite materials over the bismuth chalcogenide materials, not 
related to temperature, is the fact the cobalt antimony 
skutteridite materials are structurally more stable Whereas 
the bismuth chalcogenide materials are structurally Weak. 

[0046] Those of ordinary skill in the art Will appreciate 
that the construction of the thermoelectric cooler in FIG. 2 
may vary depending on the implementation. For example, 
more or feWer roWs of tips 250 may be included than 
depicted in FIG. 1. The depicted example is not meant to 
imply architectural limitations With respect to the present 
invention. 

[0047] With reference noW to FIG. 3, a planer vieW of 
thermoelectric cooler 200 in FIG. 2 is depicted in accor 
dance With the present invention. Thermoelectric cooler 300 
includes an n-type thermoelectric material section 302 and a 
p-type thermoelectric material section 304. Both n-type 
section 302 and p-type section 304 include a thin layer of 
conductive material 306 that covers a silicon body. 

[0048] Section 302 includes an array of conical tips 310 
each covered With a thin layer of n-type material 308 of the 
same type as the nearest layer of the superlattice for ther 
moelement 210. Section 304 includes an array of conical tips 
312 each covered With a thin layer of p-type material 314 of 
the same type as the nearest layer of the superlattice for 
thermoelement 212. 

[0049] With reference noW to FIGS. 4A and 4B, a cross 
sectional vieWs of tips that may be implemented as one of 
tips 250 in FIG. 2 is depicted in accordance With the present 
invention. Tip 400 includes a silicon cone that has been 
formed With a cone angle of approximately 35 degrees. A 
thin layer 404 of conducting material, such as platinum (Pt), 
overcoats the silicon 402. A thin layer of thermoelectric 
material 406 covers the very end of the tip 400. The cone 
angle after all layers have been deposited is approximately 
45 degrees. The effective tip radius of tip 400 is approxi 
mately 50 nanometers. 

[0050] Tip 408 is an alternative embodiment of a tip, such 
as one of tips 250. Tip 408 includes a silicon cone 414 With 
a conductive layer 412 and thermoelectric material layer 410 
over the point. HoWever, tip 408 has a much sharper cone 
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angle than tip 400. The effective tip radius of tip 408 is 
approximately 10 nanometers. It is not knoWn at this time 
Whether a broader or narroWer cone angle for the tip is 
preferable. In the present embodiment, conical angles of 45 
degrees for the tip, as depicted in FIG. 4A, have been 
chosen, since such angle is in the middle of possible ranges 
of cone angle and because such formation is easily formed 
With silicon With a platinum overcoat. This is because a 
KOH etch along the 100 plane of silicon naturally forms a 
cone angle of 54 degrees. Thus, after the conductive and 
thermoelectric overcoats have been added, the cone angle is 
approximately 45 degrees. 

[0051] With reference noW to FIG. 5, a cross sectional 
vieW illustrating the temperature ?eld of a tip near to a 
superlattice is depicted in accordance With the present 
invention. Tip 504 may be implemented as one of tips 250 
in FIG. 2. Tip 504 has a effective tip radius, 0t, of 30-50 
nanometers. Thus, the temperature ?eld is localiZed to a very 
small distance, r, approximately equal to 2a or around 
60-100 nanometers. Therefore, a superlattice 502 need to be 
only a feW layers thick With a thickness, d, of around 100 
nanometers. Therefore, using pointed tips, a thermoelectric 
cooler With only 5 -10 layers for the superlattice is sufficient. 

[0052] Thus, fabricating a thermoelectric cooler, such as, 
for example, thermoelectric cooler 200, is not extremely 
time consuming, since only a feW layers of the superlattice 
must be formed rather than numerous layers Which can be 
very time consuming. Thus, thermoelectric cooler 200 can 
be fabricated very thin (on the order of 100 nanometers 
thick) as contrasted to prior art thermoelectric coolers Which 
Were on the order of 3 millimeters or greater in thickness. 

[0053] Other advantages of a thermoelectric cooler With 
pointed tip interfaces in accordance With the present inven 
tion include minimiZation of the thermal conductivity of the 
thermoelements, such as thermoelements 210 and 212 in 
FIG. 2, at the tip interfaces. Also, the temperature/potential 
drops are localiZed to an area near the tips, effectively 
achieving scaling to sub-100-nanometer lengths. Further 
more, using pointed tips minimiZes the number layers for 
superlattice groWth by effectively reducing the thermoele 
ment lengths. The present invention also permits elec 
trodeposition of thin ?lm structures and avoids ?ip-chip 
bonds. The smaller dimensions alloW for monolithic inte 
gration of n-type and p-type thermoelements. 

[0054] The thermoelectric cooler of the present invention 
may be utiliZed to cool items, such as, for example, speci?c 
spots Within a main frame computer, lasers, optic electron 
ics, photodetectors, and PCR in genetics. 

[0055] With reference noW to FIG. 6, a cross sectional 
vieW of a thermoelectric cooler With enhanced structured 
interfaces With all metal tips is depicted in accordance With 
the present invention. Although the present invention has 
been described above as having tips 250 constructed from 
silicon cones constructed from the n+ semiconducting 
regions 224 and 222, tips 250 in FIG. 2 may be replaced by 
tips 650 as depicted in FIG. 6. Tips 650 have all metal cones 
618 and 620. In the depicted embodiment, cones 618 and 
620 are constructed from copper and have a nickel overcoat 
layer 660 and 662. Thermoelectric cooler 600 is identical to 
thermoelectric cooler 200 in all other respects, including 
having a thermoelectric overcoat 216 and 214 over the tips 
650. Thermoelectric cooler 600 also provides the same 










